S U M M A R Y Thirty-nine patients with various types of isolated homonymous hemianopias resulting from ischaemic lesions in the posterior parts of the cerebral hemisphere were examined by CAT scanning. Most had localised low density lesions within the distribution of the posterior cerebral artery. The location of these lesions (deduced from a separate anatomical study of postmortem brain cut in the plane of the CAT scanner) was correlated with visual field defects. Lesions giving rise to quadrantic defects were smaller than those causing total hemianopias; lower quadrantic defects tended to occur in superior cuts and vice versa. Macular sparing was associated with survival of the occipital pole in some instances. Bilateral cases had a higher prevalence of associated defects.
Computerised tomography (CAT) has led to a reappraisal of many aspects of cerebrovascular disease. It is now possible in many cases to delineate the site and extent of cerebral infarction, to study its natural progression, and to exclude other types of lesion such as haemorrhage or tumour.
Because of the frequency of isolated ischaemic lesions of the visual pathways and visual cortex a unique opportunity exists to relate the extent of the visual loss to the site of the infarct in the light of knowledge already available from the classical studies on missile injuries by Holmes (1918) , Henschen (1926) , and later by Spalding (1952) .
Preliminary findings of the present study with a smaller number of patients have already been published (McAuley and Ross Russell, 1977) .
Anatomy
The primary visual cortex in man, Brodman's area 17, is situated almost entirely on the medial aspect of the occipital lobe, a small amount extending onto the posteromedial aspect of the occipital pole. The extent and symmetry of the visual cortex is extremely variable (Polyak, 1957) .
The central 8-10°of vision projects to the posterior pole while the serial concentric zones of the retina from the macula to the periphery are represented from behind forwards, above and below the calcarine fissure (Spalding, 1952) . The fissure runs upwards and forwards from the occipital pole. In Fig. 1 , taken from Holmes (1918) (1973) and Salamon et al. (1977) .
Methods
To study the representation of the visual cortex in separate CAT scan slices, eight human brains were cut in 13 mm slices (the standard width of the EMI scan slice) in the usual operating plane of the scanner. At the National Hospital the scanner is operated in a plane parallel to the orbitomeatal line-that is, approximately 10-15 degrees to the horizontal plane or Reid's baseline (Gawler et al., 1975) . The patients were divided into four types of visual field disorder: quadrantanopias, complete hemianopias, scotomatous defects, and bilateral defects. The interval between onset of illness and scan varied from 14 days to 20 years. The standard 13 mm cone (EMI CAT scanner) was used with centering heights of 30, 55, and 80 mm above the orbitomeatal line. The scans were compared with the "normal" scan obtained by this method (Gawler et al., 1975) . Variations from the orbitomeatal scanning plane, undetected at the time of the x-ray examination, were excluded by comparison with the illustrations from Roberts et al. (1977) . The criteria of infarct size were based on the limits of the low density area checked on the printout if necessary. Not all patients were given intravenous enhancement and the additional features obtained with this technique were not used in assessment. The details of infarct evolution were not studied, most patients having been scanned only once as near to the time of the campimetry as possible. An important normal variation which had to be considered when interpreting the scans was the size of the ventricular occipital horn. This extends a long way back into the occipital lobe and, if it is asymmetrical or the head positioning is oblique, the ventricle can be confused with an infarct. The distribution of the infarct in each scan slice was noted with reference to the slice containing the pineal gland (P slice, see later). The number of slices involved, the distribution of the involved slices, and the state of the occipital pole were all noted. Other radiological features such as the presence of cerebral atrophy and unsuspected infarcts in other areas were recorded.
Results

PATHOLOGICAL STUDIES
In the cadaver brain slices the visual cortex shows up in at least two slices in each brain and in one brain in as many as four slices. There is considerable variation between brains. This method of mapping of the visual cortex shows only the superior surface of the cadaver brain slice while in the CAT scan slice the structures displayed are the "average" of the 301 x-ray transmission densities throughout the thickness of the scan slice in each theoretical "cell" (see Gawler et al., 1975) . The difference is apparent when cadaver slices are viewed from both the superior and inferior surfaces.
The major visual cortex representation occurs in the slice which included the pineal gland (Fig. 8) The scan slice most consistently showing infarction is that in which the pineal gland is visualised and a system of using the pineal (P) slice as the reference has been adopted. Slices below the pineal gland are called P-1, P-2, and so on, and those above P+1, P+2, and so on in serial order. With this notation the P-1 slice could be expected to contain mostly macular cortex, while the P slice some, mainly upper, field and P+ 1 little if any macular (mainly peripheral) field.
The aetiology of the vascular lesions in this series of patients was limited to migraine (M), cerebral emboli (CE) or cerebrovascular disease (CVD). Table 1 gives the sex and age of the patients together with the aetiology, the duration of infarct, and the visual field defect. The type of field defect related to the number of involved slices is shown in Table 2 . Figures 9-14 illustrate some of the findings in the patients studied.
Three patients had completely normal scans and two others had equivocal areas of low density in the appropriate region, one to five months after the onset of their illness. One of those with a normal scan surprisingly had a complete hemianopia but with macular sparing, while the other two had an upper quadrantanopia and a homonymous scotomatous defect respectively. Of the two with equivocal low density occipital lesions, one patient had a small paracentral homonymous scotoma and the other a partial homonymous inferior quadrantanopia.
Conversely, there were two patients who had unsuspected infarcts in the occipital lobe without corresponding visual field defects. Both were small and restricted to one scan slice-one was very high in the P+3 slice and probably did not involve the striate cortex, while the other at the level of P+ 1 probably involved the posterior optic radiation rather than cortex. P -1 Fig. 4 Figs. 4-7 Tracings of brain slices with extent of visual cortex marked in black at each level in each of eight brains. P=pineal slice, P--i; P+I and P+2 above and below pineal slice respectively (see text). 'I'hree other patients had unsuspected infarcts in other parts of the brain. All three were in the frontal region and in one case there was an additional very high left parietal infarct. In none of these cases was cerebral embolism thought to be responsible.
There was a high prevalence of generalised cerebral atrophy. Twelve of the 38 patients had features which led the radiologist to report generalised cerebral atrophy. The difficulty of interpreting these features has already been emphasised The difficulty of ensuring the correct plane while scanning the patient, and of cutting the cadaver brain slices in a comparable plane has already been discussed. Despite this source of error the study shows the variation in the representation of the visual cortex which the CAT scanner may produce in any one slice. This knowledge is essential before any attempt at correlation of the visual field deficit with the scan findings.
The finding of normal CAT scans in patients with small scotomatous defects was not surprising as this clearly relates to the size of the infarct and the resolution of the scanner. The duration of the infarct is also relevant because at an early stage the involved area may be isodense (Davis et al., 1975; Masedu et al., 1977) . None of our patients was scanned less than two weeks after the onset of the lesion so that the infarcts would be expected to be visible (Yock and Marshall, 1975) . Thus it is difficult to account for the normal scan on the patient with a complete hemianopia. Figure 9 shows the visual fields in the two patients with scotomatous defects, one with a normal and the other with an equivocal scan.
The significance of the demonstration of cerebral atrophy on CAT scanning has been discussed by Claveria et al. (1977) without conclusive findings. It is possible that CAT scanning may overestimate the presence of cerebral atrophy. The high prevalence of atrophy in our series may also reflect the presence of diffuse cerebrovascular disease.
Almost all the lesions giving rise to isolated hemianopias were situated posteriorly and involved the visual cortex or posterior radiation. In only two patients did the infarct involve only the anterior radiation, sparing the visual cortex entirely (Fig. 14) . Both of these patients had quadrantic defects and, to judge from the situation of the infarcts, they may have been within middle rather than posterior cerebral artery territories.
To determine whether a complete hemianopia is associated with a more extensive lesion (appearing in more slices) than a quadrantic or scotomatous defect, the number of involved slices was counted in each category. Complete hemianopias had a mean number of involved slices of 3.0 while upper and lower quadrantanopias combined had a mean of 1.6 slices ( Table 2 ).
There was a difference between those with an upper and those with a lower quadrantanopia. Upper quadrantanopias involved slice P and below except in one case, whereas in lower quadrantanopias none involved slices lower than slice P. P+ I, P+2 p P-I, P, P+l, P+2 P, P+I, P+2 P, P+I, P+2 P 1, P, P+l, P+2 Nil P l,P,P+I (P) P+±, P+2 P. P+ I P+l, P+2 P, P+l, P+2
CVD=cerebrovascular disease; CE=cerebral embolus; M=migraine; P. mac. sp=partial macular sparing; mac. sp=macular sparing; 0. rad= optic radiation. Superiorly placed lesions, therefore, tend to produce inferior field defects and vice versa.
Particular interest was taken in those patients who showed a macular sparing to see if this corresponded with survival of the posterior pole. The explanation for macular sparing has been debated extensively in the past. In the case of occipital infarcts the explanation normally invoked is that the posterior pole lies on the border zone between middle and posterior cerebral artery territories. It may, therefore, derive an alternative blood supply from the middle cerebral artery should the posterior cerebral artery be occluded. This is often sufficient to allow the macular cortex and corresponding radiation to survive (Ross Russell, 1973; Kaul et al., 1974) . Figure 10 shows the scan from one such patient where preservation of the occipital pole was accompanied by macular sparing, while Fig. 11 shows no survival of the pole and in this patient there was complete splitting of central vision.
Correlation between scan findings and visual field defects was good in individual cases. In Fig. 12 the scan shows maximal involvement below the P slice, consistent with an infarct involving the lower lip of the calcarine fissure and extending to the pole; this is consistent with the field defect.
The nine patients with bilateral lesions were of a similar age and sex distribution to those with unilateral lesions. A cardiac source for embolism was found no more frequently than in those with simple defects. Quadrantic, scotomatous, and complete types of hemianopia were all encountered, and macular sparing was a prominent feature in four patients. In agreement with previous pathological studies (Meadows. 1974) 
